





























































a b = a c = b c = 0











a point Dynamic state:
(x, R, p, L)F
L = I! p = mv





































a point Dynamic state:
(x, R, p, L)F
L = I! p = mv
Lab frame




|| q || = 1
A rotation matrix R R = R R = 1    has an






























































||D||    
||dD/dt||






















































































Kinetic energy  
Potential energy
Total energy    
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Total energy    














































































































































































































































































































































































Scale: PD = 1.0
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Joint 1
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